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During gastrulation, epiblast cells undergo epithelial to mesenchy-
mal transition (EMT) as they delaminate and ingress through the
primitive streak to form the definitive endoderm and mesoderm. The
dissociation of tight junctions between cells of the epiblast is essential
for EMT to occur. Tight junctions are localized to the apical pole of
epithelial cells and the claudin component of the tight junction is
responsible for determining the ion and size selectivity of the junction.
We are examining the expression and function of the claudin family of
integral tight junction proteins during chick gastrulation.We found that
14 claudins exhibit unique and overlapping expression patterns during
gastrulation. From these expression analyses, we have identified a novel
molecule, Claudin-10, that plays a role in directing asymmetric organ
positioning in the chick. We report that Claudin-10 mRNA is
asymmetrically expressed on the right side of Hensen's node, the site
where the asymmetric gene expression is first observed, and is
maintained throughout gastrulation. We demonstrate that overexpres-
sion of Claudin-10 on the left side of the node significantly randomizes
the direction of heart-looping, the earliest morphological sign of
disrupted left–right patterning, and disrupts normal expression of Pitx2.
In addition, morpholino knock-down of Claudin-10 results in a
significant randomization of heart-looping.We are currently examining
the effects ofmanipulatingClaudin-10 expressiononother classical left–
right patterning genes, as well as understanding how asymmetric
Claudin-10 expression is regulated, and identifying the functional
domains necessary for the role that Claudin-10 plays during left–right
patterning. These data suggest that asymmetric expression of Claudin-
10 is required for normal left–right patterning, perhaps through
regulation of the permeability of the ions that have been proposed to
be involved in the initial symmetry-breaking event that occurs at
Hensen's node.
doi:10.1016/j.ydbio.2011.05.314
Program/Abstract # 358
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Protein fucosylation plays critical roles in neural development and
function. However, due to the non-template nature of glycosylation and
lack of effective detection methods, little is known about the molecular
details of proteins fucosylation during development. Here, we report a
new detection method based on bioorthogonal chemistry for in vivo
characterization of themolecular and cellular function of fucosylation in
Zebrafish embryos. In this strategy, an alkyne-bearing analog of GDP-
fucose, the universal fucosyl donor, is first introduced into Zebrafish
embryos by micro-injection. Then the alkyne-tagged fucosides on the
cell surface is treated with a complementary azido probe, which allows
the imaging or enrichment of the labeled glycoproteins. Using this
approach, we successfully visualized fucosylated glycans in the
enveloping layer of live Zebrafish embryos and the inner organs of fixed
embryos. Our study provided the first sketch of the spatiotemporal
expression of fucosylation in developing Zebrafish, which is probably
linked to the specific distribution of fucosylation enzymes during
development. The chemical tools reported here can be directly applied
to study sectors of the glycome and be generalized for dynamic in vivo
imaging or profiling of other bio-molecules in living systems.
doi:10.1016/j.ydbio.2011.05.315
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In mammals, 19 Wnt ligands activate canonical and non-canonical
pathways, which play important roles in development and disease.
Biochemical evidence shows that the X-chromosomal gene Porcupine
homolog (Porcn) is required for lipid modification of several, if not
all, Wnt ligands, which is essential for Wnt secretion or function. We
hypothesized an embryonic requirement for Porcn based on its
important function for Wnt secretion and the embryonic lethality of
several single Wnt mutants. Here we present evidence for the
requirement for Porcn and Wnt signaling during mouse embryonic
development. Using embryonic stem (ES) cells carrying a null allele,
we confirmed in Luciferase reporter assays that Porcn is exclusively
required in the Wnt ligand secreting cell and in vitro differentiation
as embryoid bodies further demonstrates a requirement for Porcn in
the generation of Flk1+ mesoderm and CXCR4+ endoderm. In vivo,
aggregation of Porcn null ES cells with wildtype embryos as well as
zygotic deletion of a conditional Porcn allele is lethal in hemizygous
males due to gastrulation defects. Morphology, marker gene and
canonical Wnt reporter expression are reminiscent of the earliest
single Wnt knock-out phenotype (Wnt3). Female heterozygous
embryos carrying a deletion of the maternal Porcn allele have
functionally mutant extra-embryonic tissues due to imprinted X
chromosome inactivation. These embryos display defects in chorio-
allantoic fusion consistent with the previously described requirement
for Wnt7b in the extra-embryonic chorion. Our data demonstrate a
critical role for Porcn in mouse embryonic development and in the
functions of Wnt3 and Wnt7b, but do not exclude a role for other
Wnts. The generated conditional Porcn allele is thus a tool with the
potential to abrogate all Wnt ligand secretion, thereby allowing for a
better understanding of Wnt ligand redundancy in development and
disease.
doi:10.1016/j.ydbio.2011.05.316
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During cytokinesis and morphogenesis, embryos undergo dramatic
changes in cell shape. While much is known about the role of the
cytoskeleton, we understand less about the role of the lipid bilayer in
modulating cell shape. For example, the asymmetric partitioning of
phosphatidylserine (PS) and phosphatidylethanolamine (PE) to one
leaflet of the bilayer can affect membrane curvature and influence
dynamic membrane events such as cytokinesis and endocytosis. We
identified TAT-5, a P4 ATPase predicted to flip phospholipids to the
cytoplasmic leaflet, in an RNAi screen for regulators of contact-induced
polarity in Caenorhabditis elegans. Loss of TAT-5 results in defects in cell
shape, adhesion, cytokinesis, and morphogenesis. GFP-tagged TAT-5
localized to the plasmamembrane and TAT-5 prevented the externaliza-
tion of PE, but not PS, on the surface of cells. We used electron
tomography to examine the 3D structure of the plasma membrane at
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high resolution. Strikingly, loss of TAT-5 disrupts cell contacts by causing
the shedding of vesicles from the plasma membrane, likely explaining
themorphogenetic defectswe observed. The production of extracellular
vesicles in TAT-5 embryos depends on the function of the recycling
endosome-associated GTPase RAB-11, as well as the ESCRT complex,
which normally acts in the formation of multivesicular bodies.
Interestingly, these proteins have also been shown to regulate viral
budding, a topologically similar process. Our findings define for the first
time the essential role of a P4 ATPase in the regulation of PE asymmetry
in a multicellular organism. Our results also suggest a novel mechanism
whereby PE externalization influences dynamic remodeling of the
plasma membrane during embryonic development.
doi:10.1016/j.ydbio.2011.05.317
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Vertebrate embryos originate from eggs of different sizes, which
determine the size of the embryo during establishment, and
patterning of the embryonic axes. Tissues and organs are scaled
according to embryo size keeping their relative position in the body.
We recently described a combined approach involving computational
modeling and experimental manipulation to study the early BMP
signaling pathway. By early/mid gastrula the BMP pathway estab-
lishes a signaling gradient that patterns the mesoderm along the
dorsal–ventral axis. Our results showed that the main BMP ligand,
BMP4, once bound to its antagonist, chordin, is efficiently shuttled to
the ventral side to establish the activity gradient. Chordin expression
localizes to the dorsal Spemann's organizer together with the BMP-
type ligand ADMP, which can rescue embryos lacking BMP activity.
The computational model predicted that ADMP is also important for
the scaling of embryos along the dorsal–ventral axis. Analysis of
ADMP and BMP4 expression along the dorsal–ventral axis in different
sized embryos revealed higher ADMP transcript levels in larger
embryos in agreement with the proposed model. Experimental
manipulation of embryo size by dissection and explants showed, as
expected, changes in ADMP expression levels. ADMP knock-down
using an antisense approach, resulted in changes in gene expression.
The results are consistent with scaling and in contradiction with
ADMP directly contributing to the BMP gradient. These results
suggest that ADMP performs multiple roles during early gastrulation.
A model is proposed whereby a very early effect of ADMP regulates
the scaling of the dorsal–ventral axis and subsequently participates in
the BMP gradient to pattern the mesoderm.
doi:10.1016/j.ydbio.2011.05.318
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Mesoderm cells of the early embryo become the muscle fibers of the
adult. During embryo development,mesoderm cells elongate intomuscle
fibers and form transient structures called somites. To understand how
mesoderm cells of the early gastrula embryo organize to become the
muscle fibers of the somites, we tracked cell movement in Xenopus laevis
embryos. Using a cell-transplantation approach, we examined the
movements that position these cells three dimensionally within somites
and along the embryo's axis. We show that gastrula cells positioned in
theupper lateral lip region (ULL) are directlyadjacent to thenotochordas
they enter the presomitic mesoderm (PSM). These cells will eventually
formmuscle fibers in the central region of somites positioned alongmost
of the anteroposterior axis. In contrast, cells positioned in the lower lip
(LL) region of the gastrulamigrate dorsally around the blastopore lip and
appear to enter the PSM from the lateral edge. This population of cells
then splits to flank ULL cells dorsally and ventrally to formmuscle fibers
in the dorsal and ventral quadrants of somites along the trunk and tail
axis. Together, these results show that cells in the gastrula undergo
different trajectories to give rise to muscle fibers positioned in distinct
locations within somites and along the anteroposterior axis. These
results offer new insights into how cells migrate as the embryo forms
muscle, and contribute to our understanding of embryo development.
doi:10.1016/j.ydbio.2011.05.319
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We are using a genetic modifier screen and RNA interference (RNAi)
methodology to identify genes that interact with the Drosophila T-box
transcription factormidline (mid). This screen assays a dosage-sensitive,
eye-specific mutant phenotype observed when levels of midline are
reduced in thedevelopingeye imaginal disc byRNAi and placedwithin a
second chromosomal deficiency background. Thus far, we have
uncovered several third chromosomal intervals harboring potential
mid-interacting genes. By chromosomal deficiency mapping, we have
delimited the cytological intervals of interestwithin each deficiency line
andarenowobtainingmutant alleles of all candidate genes todetermine
which gene or genes interact with mid to: 1) affect sensory organ
precursor formationgiving rise to interommatidial bristles, 2) affect cell-
fate specification in the embryonic CNS, 3) affect the formation of the
ventral nerve cord via the regulation of axon guidancemolecules and/or
4) affect other unique cell biological processes that are essential for
proper eye and CNS development. The culmination of these studies will
provide a greater understanding of mid function as a key component of
conserved regulatory signaling pathways that guide the development of
multiple tissues.
doi:10.1016/j.ydbio.2011.05.320
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The hyaluronic receptor for endocytosis (Stabilin-2/HARE) mediates
systemic clearance ofmultiple glycosaminoglycans including hyaluronan
(HA), the chondroitin sulfates, heparin and others from the vascular and
lymphatic circulations. In addition to its role in GAG clearance, recent in
vitro studies indicate that Stab2 can participate in signal transduction by
interacting with HAwhich results in ERK phosphorylation. However, it is
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